Introduction
It has been suggested theoretically (Andrews, 1955) and shown experimentally (Goldf arb, 1963) that the bile duct is not a simple tube, but has functions which affect the composition of bile during its passage through the biliary ductular sys tem. Alteration of bile may occur under various conditions, which have been con sidered to be partly implicated in the derangement of bile duct functions in the extralobular portions.
In alcoholic liver disease, some alterations in bile forma tion and in bile salt secretion have been described (Neale et al. 1971; Poyer, 1972 
Materials and Methods
Liver biopsy specimens were obtained from 18 patients (11 males and 7 females) with alcoholic liver disease consisting of fatty liver in 4, acute sclerosing hyaline necrosis (Edmondson et al. 1963 ) in 7, chronic sclerosing hyaline disease (Edmondson et al. 1963) A portion of the liver specimen was cut into 1 mm cubes, fixed i n 2.5% glutaraldehyde i n sodium phosphate buffer (0.01 M, pH 7.4) for two hours, and kept for 1 to 14 days i n so dium phosphate buffer containing 8 % sucrose.
The specimens were post-fixed in 1% osmium tetroxide in sodium phos 
I . Dark cell metamorphosis
One of the frequently observed changes in the duct epithelium was dark cell me tamorphosis. Dark cells contained more electron-dense cytoplasm than did their neighbors ( Fig. 1) . Most commonly only one or two dark cells were observed in a cross-section of a bile duct, but occa sionally the entire epithelium of a bile duct cross-section was made of dark cells. The bile ducts in which dark cells were found presented in general a well-pre served lumen, but, occasionally, disarray of the epithelium due to variation in cell size was also observed.
The dark cells showed nuclear and cytoplasmic shrinkage and varying degrees of condensation, depending on the extent of advance of the process of metamorphosis.
The nuclei varied considerably in size and shape, and frequently showed widened perinu clear space (Fig. 2) 
II. Changes in the cell surface
The luminal surface of the biliary epi thelial cells presented a normal number of microvilli, but, in some bile ducts, there was frequent edema of microvilli (Fig. 4) . Such microvilli were usually broad-based and projected into the lumen, occasionally causing narrowing of the lumen.
However, total occlusion of the lumen was not observed.
The matrix was less electron-lucent than the cytoplasm, contained no organelles except for a few ribonucleic acid granules, and was abruptly demarcated from the subjacent matrix of the cytoplasm.
No luminal re cesses were observed.
Cilia were rarely observed. The lateral surfaces of the duct epithelial cells were sometimes curved and in the basal halves of the cells, in terdigitated with one another (Fig. 5 ). Widened intercellular spaces were often found, and there were several hyaloplas mic processes of varying length projecting from the lateral cell surface. These pro jections failed to interlock with the ad jacent epithelial cells when the intercel lular space was widened (Fig. 6) . How ever, terminal bars and desmosomes were fairly intact in the luminal half, even when the intercellular space was markedly widened toward the base. (Fig. 7) .
III. Changes in the organelles
Occasionally, looped branches projected from the basement membrane into the la cunae on the basal surface (Fig. 8) . In tertwined fibrils were usually seen along the outside of the duplicated basement membranes, while the basal space reve aled no similar fibrils.
The fibrils were unevenly distributed and showed no peri odicity. Occasionally, aggregations of the fibrils were found between the basement membrane and bundles of collagen fibers. There were a few mesenchymal cells pre sent in close proximity to the basement membrane, but none were identified in the basal space. Inflammatory cell infil tration into the duct epithelium was ra rely seen. 
Discussion
One frequently observed alteration in the duct epithelium in alcoholic liver disease is dark cell metamorphosis. This alteration as been described in patients with various types of liver disease Carruthers, 1961, 1962; Steiner et al. 1962; Seki, 1975) , in a naphthyl isothiocyanatefed rats (Steiner and Carruthers, 1963) , and in experi mental biliary obstruction (Steiner et al. 1963 ), but its significance has not been fully clarified.
However, Seki (1975) de scribed the process of disintegration of dark cells in the bile ducts, and con cluded that dark cell metamorphosis is an alteration leading to duct epithelial ne crosis. The reduction of cell size and the increase in cytoplasmic and nuclear den sity characteristic of the dark cells are suggestive of a coagulative process. Sim ilar changes have been described in gob let cells of the gut (Elorey et al. 1962 ), and such changes are known to arise as a result of massive discharge of secre tory products.
Although our present ob servations revealed no ductular cells con taining mutinous droplets, such changes as reduced pinocytotic vesicles and loss of hyaloplasmic projections from the lat eral cell surface may reflect an exhaus tion or emptying phenomenon, resulting from a discharge of secretion or loss of water from the cytoplasm.
Edematous microvilli in the duct epi thelium have been found under various conditions (Steiner and Carruthers, 1961; Steiner et al. 1962 Steiner et al. , 1963 , and are oc casionally seen even in normal duct epi thelium (Schaf f ner and Popper, 1961) . The presence of edematous microvilli may indicate altered water balance in these cells, although it is still unclear whether this is the result of a disturbance of cell membrane permeability, leading to ab normal imbibition or abnormal retention of fluid in the microvilli, or of a dis turbance of fluid distribution in the duct epithelial cells (Steiner et al. 1963 ). In addition, welldeveloped interdigitations on the lateral cell surface with frequent hyaloplasmic projections similar to those in the gall bladder (Hayward, 962) may also reflect water transport across the cell membrane in this area. Another in teresting finding for the basal surface is the increased number of pinocytotic ves icles, which were sometimes seen together with widened intercellular space in the basal half.
It can be inferred that the intercellular spaces may have resulted from retention of fluid following reverse pinocytosis along the lateral cell surface. Sasaki et al. (1967) have suggested that, i n cholestasis, pi nocytotic vesicles may move from the luminal surface to the lat eral surface in a basal direction.
In ani mal experiments, particles of mercuric sulfide injected into the ligated bile duct were observed to localize within intracytoplasmic vacuoles, in the intercellular spaces, and scattered within the connec tive tissues around the basement mem brane (Steiner et al. 1962) .
The duplicated branching of the base ment membrane with multiple layers, which was frequently observed in our materials, seems to be less common in other conditions (Caralli et al. 1971) , with the exceptions of extrahepatic biliary ob struction (Sasaki et al. 1967) and in a naphthyl isothiocyanate-fed rats (Steiner and Carruthers, 1963) . As to the nature of the basement membrane, it is postulated that the epithelium bordering the basement membrane is not of mesen chymal origin (Midgley and Pierce, 1963) . On the basis of this hypothesis, it has been suggested that the duplicated base ment membrane of the bile duct may be derived from a material which is dis charged from the duct epithelium by re verse pinocytosis and transported towards the basement membrane (Sasaki et al. 1967 
